Abstract. The relative contributions of genetic and environmental components in the variability of anthropometric measurements were studied in 54 twin pairs. Thirty pairs of monozygotic (MZ) and 24 pairs of dizygotic (DZ) twins were investigated to estimate the role of genetic, environmental and hereditary factors determining anthropometric measurements comprising body weight, standing height, sitting height, knee height, arm span, chest circumference and biiliac diameter. Within-pair variance for all the measurements were significantly smaller (p<0.05-0.01) in MZ twins than in DZ twins of both-sex twin group. Within-pair correlations for those measurements were higher (p<0.01) in both MZ and DZ twins. Correlation values were, apparently, higher more in MZ than in DZ twins. Besides, all the measurements are highly heritable components and heritability estimates ranged 40%-91%. When both MZ and DZ twin pairs of both-sex population were classified, based on age and sex, into different sub-groups interindividual variabilities were altered to a certain degrees. These data state that anthropometric measurements are influenced by genetic factors than environmental factors and besides, age and sex are possibly associated, to some extent, with the genetic influence upon anthropometric measurements.
Introduction
Anthropometry is a systemized technique for measuring man. Height and weight either singly or in combination have pivotal role in the assessment of physique. The question of the genetic contribution to anthropometric measurement is frequently raised. Several investigators have reported that human variation in different anthropometric measurements is closely associated with nutritional status. However, there are insufficient genetic versus environmental studies on anthropometric measurements in different regions, especially in India. Fischbein and Nordqvist (1978) observed that the intra-class correlations and deviation values, for both height and weight, are higher and smaller respectively in MZ in comparison to DZ twin pairs. Analysis of intrapair similarity of some somatological traits of monozygotic twins revealed that stature, body weight and illiospinal height were in the highest coefficient similarity group indicating that those measurements were highly heritable components (Hoshi et al., 1982) . Sharma (1983) states that a strong genetic component regulates the pubertal changes as well as the growth of height and weight and the role of environmental factors, at least, is also indicated. A bivariate path analysis of twin children reported heritabilities of 0.54 and 0.51 for stature and biiliac diameter respectively and genetic correlation of 0.39, which suggests that two traits are influenced, to some extent, by the same genes (Kramer et al., 1986) . Stunkard et al. (1986) stated that height, weight and body mass index are highly heritable components and heritability estimates of those measurements, at age 25 years, are 0.80, 0.81 and 0.84 respectively.
The present study has been undertaken to evaluate the genetic versus environmental factors determining anthropometric measurements as well as heritability estimates of those variables.
Methods
One hundred and eight 10-27-year old healthy twins, 30 pairs of monozygotic (MZ) and 24 pairs of dizygotic (DZ) twins of both sexes, were studied. Both the monozygotic and dizygotic twins were further classified into four sub-groups comprising male, female, 10-17 years and 18-27 years age groups. The distribution of number of twin subjects is shown in Table 1 . The subjects were raised together and drawn from middle-class families of rural and semi-urban areas 1500-2000 km from Calcutta. The twins were classified into MZ and DZ, according to a schedule derived from earlier investigations (Husen, 1959; Fischbein, 1977; Kawakami et al., 1980) . The classification of twinning was made by blood type (ABO, Rh and MN), finger-prints, physical appearances and parental history. MZ twins were defined on the basis that all blood types matched, more than seven finger-prints were similar and physical features such as eyebrows, nose, ear-lobe attachments, frontal hair line, dental nature and whorls of hair on the crown of the head were highly concordent. A marked similarity in physical features give a 93% probability of MZ and, with the addition of serological and dermatographic analyses, a probability upto 98% can be obtained (Kawakami et al., 1980) . Subjects were considered to be normal and healthy on the basis of the criteria stated by Morris et al. (1971) and Gill et al. (1968) .
The age of the subject was determined from their date of birth recorded in the school register and it was rounded off to the nearest whole number. Standing height, sitting height and knee height were measured according to the methods described by Damon et al. (1966) . Body weight was taken by standard weighing machine. Besides arm span and chest circumference were measured by anthropometer according to the standard method described by Jhonson and Nelson (1982) . The body weight and anthropometric parameters were measured without footwear and with light clothing.
In order to determine the degree of within-pair similarity in anthropometric measurements of twin pairs, and to compare within-pair similarity between MZ and DZ pairs, F tests were performed where
d 2 WDZ and d 2 WMZ are within-pair variances for DZ and MZ, respectively. The concordance for MZ twin pairs in comparison to DZ twin pairs (within-pair correlation) for the measurement was also estimated where r = Vbp Vwp ……… (2) Vbp + Vwp r is the within-pair correlation, Vbp is the between pair variance and Vwp is the within-pair variance. In our study, heritability estimates of the measurements were calculated using Holzinger's formula (Ghio et al., 1989) , i.e.,
Where H 1 is the statistical symbol for Holzinger's heritability estimate. In Holzinger's formula several assumptions are made, of which environmental and genetic variance are additive.
Results
The mean values and standard deviations of the anthropometric measurements in all the twin populations are listed in Table 2 and displayed in Figs. 1-4. The table disclosed that measurements are not similar between MZ and DZ twins. The study revealed that MZ and DZ twins were different in terms of mean values of the major measurements. Table 2 shows the variance ratios of the anthropometric measurements. Analysis of variance revealed that within-pair variances for all the measurements were significantly smaller (p<0.05-0.01) in MZ comparison with DZ twins of both-sex group. Results for within-pair variances of body weight, arm span and biiliac diameter in male twin group and standing height, knee height, body weight and biiliac diameter in female group were closely similar to the both-sex group. The variances for standing height, knee height, body weight and arm span in both age groups, chest circumference in 10-17 year age group and sitting height in 18-27 year age group were significantly smaller (p<0.05-0.01) in MZ than in DZ twins, while other variables of those groups were insignificant. Within-pair correlation coefficients of the measurements, listed in Table 3 , show that correlation values of all the anthropometric measurements were highly significant (p<0.05-0.01) between MZ twins of all groups, with the exception of chest circumference in 10-17 year age group. Since then, higher correlation coefficients (0.50-0.97) were observed between DZ twins for all the measurements, in all groups, with the exception of chest circumference and biiliac diameter of 18-27 year age group. As shown in Table 3 , correlation coefficients for all the measurements were higher in MZ twins than in DZ twins except 8 cases (See Table 3 ). Table 4 shows that all the measurements, in both-sex and 18-27 year age twin groups, were highly (40-91%) heritable components. The quantitative statement of heritability estimates of major anthropometric measurements in other three twin groups was almost closely similar to both-sex and 18-27 year age groups. The result states that standing height was highly heritable Results are mean -standard deviaton. (64-85%) variable in all the twin groups.
Discussion
Classical twin studies may overestimate the relative contribution of genetic and environmental components to the variability of physiological characteristics (Christian et al., 1974) . By comparing variances between MZ twins (common genetic and environmental factors) and DZ twins (common environmental and different genetic factors) whether the variability is governed predominantly by genetics can be estimated. For this purpose young twins are most suitable, because they share common environments (Kawakami et al., 1980) . Physical form (Krishnan and Vareed, 1932; Palamarchuk, 1986) , nutritional and socioeconomic status (Ashcroft and Lovell, 1964; Cotes et al., 1974) , puberty (Keithley, 1939) , cultural factors (Gabbard and Tandy, 1988) , lifestyle (Woolcock et al., 1972) and intrauterine factors (quoted from Strickberger, 1976) are to be taken into account as environmental factors of this study.
The above results show, all the anthropometric measurements were not similar in MZ and DZ twins. This might be due to differences in sex, age and nutritional status (Banik et al., 1973) , socioeconomic and nutritional factors (Ashcroft and Lovell, 1964; Udani, 1963; Chang et al., 1963) , socioeconomic and genetic factors (Rao and Sastry, 1977) and environment and heredity (Stoudt et al., 1960) in the MZ and DZ sub-groups of the present study.
The present findings, in the both-sex twin group, explicit that all the measurements are influenced more by genetic factors than environmental factors. Similar observations for stature and body weight were obtained by Hoshi et al. (1982) and Sharma (1983) and similar studies were reported. The within-pair variances, observed in the sex and age related sub-groups, reveal that sex and age are, at least, associated with the genetic influence upon the anthropometric measurements in the study. Kadanoff et al. (1973) stated that the differences in body length and breadth measurements including stature and chest circomference, within increases in age, change remarkably due to sexual dimorphism of twins. Hoshi et al. (1982) observed the larger intra-pair differences for stature, body weight, chest girth and sitting height in DZ than in MZ twins and differences were increased but irregularly, when twin's age span from 7-17 years patterns were discriminated into 6 types. They reported thar adolescent spurt is more sensitive to the minute difference of environmental conditions rather than the final body size. Fischbein (1983) observed the significantly smaller withinpair variances for both height and weight in opposite sex twins than in controls during puberty. The discrepancies in intra-pair variance ratios for physique of different twin studies are possibly due to environmental differences between co-twins in adulthood than in childhood (Orczykowska-Swiatkowska et al., 1978) .
In our study, based on within-pair correlation coefficient, we find that all the anthropometric measurements are possibly influenced by genetic factors and beside the role of age, sex and environment cannot be ruled out. Hoshi et al. (1982) found, among 28 anthropometric measurements, intra-class correlation coefficients for stature, body weight and illiospinal height were in the highest similarity group in 128 MZ twin pairs. The higher correlations for stature and biiliac diameter in MZ than in DZ twins were made by Kramer et al. (1986) and twin correlations were inflated, like our observation, when sex related twins were investigated separately. They stated that those measurements were influenced to some extent by the genes and there were larger gendar effects on the trait, which might be genetic, environmental or both. Intra-pair correlations for height and weight were higher in MZ than in DZ twins, studied by Sharma (1983) which were similar to those measurements of the study. Intra-pair correlations for, during puberty, height and weight were higher in MZ than in DZ twins (Fischbein and Nordqvist, 1978; Sharma, 1983) , where correlation coefficients for those measurements were absent in controls and moderately positive on opposite sex twins (Fischbein, 1983) indicating that genetic component is indicated irregulating the adolescent growth.
Most of the anthropometric measurements, except for body weight, show high levels of heritability estimates in this study. Heritability estimates of the major variables varied between 40% and 91% (Table 5 ).
These observations show that anthropometric measurements, in most of the cases, are closely associated with heredity and besides age and sex possibly related, to some extent, with the heritability estimates of the measurements. Close similarities for stature (54%) and biiliac diameter (51%) are found with the study of Kramer et al. (1986) . The present hypothesis is also supported by the study of Sharma et al. (1984) and Stunkard et al. (1986) . Fischbein (1983) reported that on pubertal physical growth, sex-differentiation exerts a very powerful influence overshadowing the heredity and environmental similarities existing for the twins.
In conclusion it may be inferred that, among many possible determinants of anthropometric measurements, genetic component is important, though the role of environment cannot be completely ruled out. Beside, it appears that genetic determination of those measurements is sensitive, at least, to age and sex. Nowadays anthropometry is widely used by physical educators because the physique of an individual greatly influences his or her performance. Thus age and sex related genetic determination of different anthropometric measurements, in the study, is useful in sports-scientific problems, clinical medicine, school and adolescent hygiene and physical education, associated with genetics and environments.
